In this study, the influence of the East Atlantic/Western Russia teleconnection pattern on the hydroclimatology of Europe, from mid-winter to late spring, is investigated. The influence of EAWR on the variability of precipitation (PP), temperature (TT) and standardized precipitation-evapotranspiration index (SPEI) is investigated on the base of correlation and stability maps. It is shown that EAWR has a strong impact on the coupling between the sub-tropical Atlantic Jet and the African Jet, which in turn affects the climate variability over Europe from mid-winter to late spring. The strongest impact of the mid-winter EAWR over the European precipitation is found to be in mid-winter and early spring over the northern part of the Scandinavian Peninsula and the central and eastern part of Europe; while the influence of the mid-winter EAWR on European temperature persists from mid-winter to late spring, giving the possibility of a potential predictability for spring temperature over extended European regions.
Introduction
The global atmospheric circulation has a number of preferred patterns of variability, all of which have expressions in surface climate. Monthly mean surface pressure varies markedly about the long-term mean sea level pressure (SLP) distribution. This variability occurs in well-defined spatial patterns [1, 2] particularly during the boreal winter over the Northern Hemisphere (NH). Such variations are commonly referred as "teleconnections" in the literature, since they result in simultaneous variations in weather and climate over widely separated points over the earth. Regional climates in different locations may vary out Although EAWR is one of the dominant modes of variability over the North Atlantic-Eurasian region, less attention has been paid to the role of the EAWR pattern on the European climate. As shown in the previous paragraph, most of the existing studies are focused over the Mediterranean region or they reflect the influence of EAWR on the cyclonic activity, storminess and wind events. Based on the aforementioned studies, it is clear that EAWR has a strong influence on the climatic conditions over Europe, especially the central and southern part. Motivated by this, the aim of the current study is to investigate the possible influence of EAWR pattern over the European hydroclimatology, in terms of seasonal precipitation, temperature and dry/wet conditions, from mid-winter to early spring and indentify a potential predictive skill for European hydroclimatology based on the EAWR index. The paper is organized in four sections. In Section 2, the data and methods employed in this study are described. In Section 3 the relationship between EAWR index and the large-scale atmospheric circulation and precipitation, temperature and dry/wet periods is investigated. A possible mechanism by which EAWR can affect the climate over Europe is given and the stationarity of the relationship between EAWR and precipitation, temperature and drought conditions over Europe is tested. The main conclusions follow in Section 4.
Data and Methodology
The seasonal January-February-March (JFM) EAWR index values were extracted from [12] . The procedure used to identify the Northern Hemisphere teleconnection patterns, including EAWR is the Rotated Principal Component Analysis [2] . The JFM time series, used in this study, covers the period 1950-2012. In order to analyze the temporal structure (interannual and decadal variability) of the EAWR index variability the wavelet power spectrum analysis was used. The wavelet analysis used in this paper follows the methods of [13] . Statistical significance is determined against a red noise null hypothesis using a chi-squared test. By decomposing a time series into a time-frequency space, it is possible to determine the dominant modes of variability and how these modes vary in time. For the precipitation (PP) and temperature (TT), we made use of the updated CRU T.S 3.20 data set [14] , for the period 1950-2012. This data set provides monthly values for various parameters for the global land areas. The temporal coverage is 1901-2012 on a 0.5° × 0.5° grid. To quantify the meteorological drought we used the newly developed Standardized Precipitation Evapotranspiration Index (SPEI). SPEI is a multi-scalar drought indicator and is based on monthly precipitation totals and temperature means and uses a simple approach to calculate the Potential Evapotranspiration (PET) [15] . SPEI is similar to the Standardized Precipitation Index [16] , but it includes the role of temperature. For calculating the SPEI we used the algorithm developed by [15] and we used the precipitation and potential evapotranspiration data from on the CRU T.S. 3.20 dataset [14] . In this study we employ SPEI for one accumulation period of 3 months. SPEI3 was calculated for each month of the year, but for this study we used just the seasonal means of January-February-March (JFM), February-March-April (FMA) and March-April-May (MAM), respectively. The estimation of PET is based on the Penmann-Monteith method [15] .
For the Northern Hemisphere atmospheric circulation we use the geopotential height at 500 hPa (Z500) and the zonal mean wind at 200 hPa (U200), on a 2.5° × 2.5° grid from the NCEP/NCAR data [17] , for the period 1950-2012. The vertically integrated water vapor transport (WVT) [18] is calculated through zonal wind (u), meridional wind (v) and specific humidity (q), from the same data set [17] . WVT vectors for latitude (ϕ) and longitude (λ) are defined as follows:
where zonal (Q λ ) and meridional (Q Ф ) components of Q are given by Equation (2):
For each vertical layer and each grid-point we calculate the product between the monthly values of horizontal wind and specific humidity (q). The result is multiplied with the pressure thickness of the layer they represent and divided by gravity. The WVT is obtained by summation of water transport for all layers located between the earth's surface and 300 hPa level. We also used the divergence of water vapor K, which is in balance with the surface fresh water flux E − P [17] :
where ∇ denotes the two dimensional divergence operator, E evaporation and P precipitation. Regions of mean positive divergence (E − P > 0) constitute source regions of water vapor, meanwhile the regions of convergence (E − P < 0) are sink regions for water vapor.
To assess the link between EAWR index and large scale atmospheric circulation we have constructed the composite maps of Z500, U200, WVT, the velocity potential and divergent wind at 200 hPa and 850 hPa, respectively. The composite maps are defined by average fields of Z500, U200, WVT, the velocity potential and divergent wind at 200 hPa and 850 hPa for the years when the JFM EAWR index was higher (lower) than 1 (−1) standard deviation. This threshold was chosen as a compromise between the strength of the climate anomalies associated to flow anomalies and the number of maps which satisfy this criteria. Further analysis has shown that the results are not sensitive to the exact threshold value used for our composite analysis (not shown). For Z50, the velocity potential and divergent wind at 200 hPa and 850 hPa, just the difference between High (EAWR JFM > 1 standard deviation)-Low (EAWR JFM < −1 standard deviation) composite maps is shown. The level of significance of the composite maps is established by means of a Student's t test [19] .
In order to establish the stationarity of the relationship between EAWR index and PP, TT and SPEI3 fields over Europe, we apply the methodology used for river streamflow forecast [11, 20, 21] namely the stability maps. The aim of this method is to find regions where the correlation between the variables remains stable in time, after applying a correlation in a 21 years moving window. The correlation is considered to be stable for the grid points where the JFM EAWR index and the PP, TT and SPEI3 field are significantly correlated at the 90% level (r = 0.24) or 80% (r = 0.17) for more than 80% of the 21 year windows covering the period 1950-2012. A more detailed description of the method can be found in [20, 22] .
Results

Time Series Analysis
The temporal evolution of the EAWR index, for the period 1950-2012, is shown in Figure 1a . The time series of JFM EAWR index presents pronounced interannual variability and higher amplitude for the negative phase. Persistent negative anomalies were observed during the mid-winters of 1970, 1977 and 1979, periods which were also characterized by enhanced precipitation over the western part of Europe (Figure 1a ). The wavelet analysis reveals a significant periodicity in the 2-6 years band ( Figure 1b ) and a weaker periodicity at around 8 years. The Morlet wavelet spectrum (Figure 1b) of the JFM EAWR index shows a nonstationary behavior, especially in the 2-6 years band. This nonstationary behavior emphasizes the fact that the strength of the interannual variability of the JFM EAWR index has varied with time. 
Relationship of the EAWR with the Atmospheric Circulation
The relationship between the JFM EAWR index and geopotential height at 500 hPa is investigated using lagged composite maps. The use of lagged composite makes it possible to detect the prior development and subsequent decay of Z500 anomalies associated with the JFM EAWR structure. Here we use seasonal anomalies for Z500 defined as: October-November-December (OND), December-January-February (DJF) and February-March-April (FMA)). The seasonal anomalies were calculated by subtracting mean annual cycle. After that the long-term mean of every calendar month was subtracted from each individual month and the seasonal anomalies were calculated as 3-month averages. To obtain the normalized anomalies all the data sets employed were normalized by their standard deviation.
There is little EAWR signature in the 500-hPa geopotential height anomalies during the late autumn and early-winter (OND) (Figure 2a) . By mid-winter (DJF), the classic EAWR pattern starts to develop, particularly over Europe and eastern Russia (Figure 2b ). There are significant 500 hPa height anomalies over Europe and the Scandinavian Peninsula, negative anomalies over eastern Russia and positive anomalies over northern part of China and Mongolia. By late winter, the geopotential height anomalies pattern becomes more pronounced and all the centers of action characteristic to the EAWR pattern become much stronger (Figure 2c ). During late spring (February-April), the overall geopotential height anomalies related to EAWR persist, but their intensity decreases (Figure 2d) . Figure 2 . Geopotential Height at 500 hPa composite map (difference between the averaged maps for which the EAWR JFM index was higher (lower) than 1 (-1) standard deviation) for (a) October to December (OND); (b) December to February (DJF) (c) January to March (JFM) and (d) February to April (FMA). Hatching displays areas at or over 95% sign significance level using a two tailed t-test.
The Influence of EAWM on the Hydroclimatology over the European Region
The relationship between JFM EAWR and PP, TT and SPEI3 over Europe, is investigated using lagged correlation maps, with JFM EAWR index leading the aforementioned fields. The seasonal averages of PP, TT and SPEI3 were computed in a similar way as for Z500. For PP, TT and SPEI3 we used seasonal averages for the following seasons: January-February-March (JFM), February-March-April (FMA) and March-April May (MAM).
Positive EAWR phase is typically associated with wetter than normal conditions over the western coast of the Scandinavian Peninsula and drier than normal conditions over central Europe and the Balkans (Figure 3a) . In early spring (Figure 3b ) the EAWR influence remains significant just over the central and the eastern part of Europe. In late spring the influence of EAWR persists over the eastern part of Europe and over the northern part of the Scandinavian Peninsula (Figure 3c ). As it can be inferred from Figure 3a -c there is a propagation of the influence of EAWR on the European precipitation from the west towards east, from mid-winter towards late spring. Hatching displays areas at or over 95% significance level using a two tailed t-test.
Mid-winter temperatures during the positive phase of EAWR are characterized by warmer than normal conditions over the Scandinavian Peninsula and colder than average conditions over the Balkan region. Outside these regions the correlation is low and insignificant (Figure 4a ). For the early spring the positive anomalies persist and they are as significant and extended as in the case of mid-winter (Figure 4b) . Furthermore, the influence of EAWR starts to be seen also on the temperature over the central Europe. By late spring the warmer than normal conditions are prevailing mostly over the central part of Europe and the Scandinavian Peninsula (Figure 4c) , remaining significant at the 95% level. The influence over the Balkan regions starts to disappear. As in the case of precipitation, there is also a north-west to south-east propagation of the influence of EAWR on the European temperature, from mid-winter to late spring. Hatching displays areas at or over 95% significance level using a two tailed t-test.
The influence of EAWR pattern on the occurrence of mid-winter droughts follows the same path as precipitation (Figure 5a ), but for some regions the correlations are higher (e.g., the eastern part of Europe). This can be due to the fact that SPEI integrates information from PP as well as TT. During the positive phase of EAWR most of the European regions are exposed to meteorological drought, while the northern part of the Scandinavian Peninsula is characterized by wet conditions. In early spring the correlation between the JFM EAWR index and FMA SPEI3 becomes higher over the European region (Figure 5b) , meaning that the influence of mid-winter EAWR has a stronger impact over the central Europe in the upcoming early spring. For the late spring (Figure 5c ), the influence of EAWR persists over the same regions, but the correlation decreases over the central part of Europe, but remains still significant at 95% level. 
Physical Mechanism
To identify the physical mechanism by which EAWR influences the hydroclimatology variability over Europe, we constructed the composite maps between the normalized and standardized time series of EAWR JFM and the seasonal average (JFM) of the zonal component of mean wind at 200 hPa (U200) and the vertically integrated water vapor transport (WVT), for the years of high (>1 standard deviation) and low (<−1 standard deviation) values of the normalized EAWR index. As in the case of Z500, this threshold was chosen as a compromise between the strength of climate anomalies associated with EAWR and the number of maps that satisfy this criterion.
As it can be inferred from Figure 6 a pronounced difference is found in the structure of the near-tropopause Atlantic subtropical jet, represented here by the averaged seasonally magnitude of the 200 hPa wind vector. During the positive phase of EAWR the degree of separation between the Atlantic and the North African segment of the subtropical jet is considerably more pronounced (Figure 6a ), comparative to the negative phase of EAWR (Figure 6b) . As a consequence, during the positive phase of EAWR, the central and southern part of Europe is characterized by dry conditions (see Figure 3a) , while the northern part of the Scandinavian Peninsula is characterized by wet conditions due to the fact that the jet exit points towards Scandinavia (Figure 6a ). According to [23] the poleward side of the jet exit regions is preferred for cyclonic growth, which in turn can induce a large amount of precipitation.
During the negative phase of EAWR the axis of the Atlantic Jet is shifted southward and the two jets are almost coupled (Figure 6b ). In this case, the western part of Europe receives more precipitation than normal, being situated to the west side of the jet exit. To further prove that the jet axis plays a crucial role in the variability of the climate over Europe we have applied the same analysis (composite maps) to the field of WVT. The WVT is strongly related with the Jet variability. In the exit regions of the Atlantic Jet a meridional circulation carries negative vorticity southward in the upper troposphere and the return branch of this circulation enhances the baroclinicity on the lower troposphere through the northern thermal advection. During the positive phase of EAWR (Figure 6c ), the axis of the maximum transport is directed towards Scandinavia and there is a significant reduction of the water vapor transport from the Atlantic towards Europe. In the same time a convergent zone develops over the northern part of the Scandinavian Peninsula, which in turn enhances precipitation. The path of the axis of WVT follows the same direction as the Atlantic Jet axis. During the negative phase of EAWR the axis of the WVT is directed towards Europe (Figure 6d) , enhancing precipitation over the western and southern part of Europe (in agreement with Figure 3b ) due to the convergent zones which are developing.
To support this idea we have plotted the composite maps between the EAWR JFM index and the 200 hPa and 850 hPa velocity potential and the divergent wind (Figure 7) . At upper levels, during the positive phase of EAWR, there is a well organized zonal quadruple structure over the Atlantic Ocean, central and southern part of Europe, Caspian Sea and India (Figure 7a) . At 200 hPa level there is a region of positive velocity potential anomalies over the central and southern part of Europe, which means convergent winds at upper levels and divergent winds at lower levels (Figure 7b ) over these areas, flanked (at 200 hPa level) by two regions of convergence over the Atlantic Ocean and one over the Caspian Sea. Based on Figure 7 , during the positive phase of EAWR, the central Europe is characterized by surface divergence and upper-levels convergence, meaning subsiding air over central Europe and reduced precipitation. This is in agreement with the results from Figures 3 and 4 , respectively, based on which, during the positive phase of EAWR the central and southern part of Europe are characterized by higher than normal temperatures and reduced precipitation. 
Non-Stationarity Issues
In order to test the strength of the relationship between the EAWR index and the precipitation, temperature and SPEI3 fields over Europe, we have calculated the correlation coefficients between the JFM EAWR index and the PP, TT and SPEI3 fields for a 21-year moving window. Prior to the correlation analysis, all the time series were linearly detrended and normalized by their standard deviation. The non-stationarities in the climate system can lead to high correlation and anti-correlation, for different periods, e.g., before and after the 1970s climate shift [24] . Another example of a non-stationary relationship is the correlation between NAO and Northern Hemisphere SLP. For the last fifteen years the correlation is weak in the Pacific sector [25] , however, significant correlations between NAO and Pacific climate variability during the 1930s to 1960s have been identified [26] . In order to overcome this problem, we have applied the stability maps criterion [20, 22] to the relationship between EAWR and the PP, TT and SPEI3 fields. Figure 8 shows the stability maps between JFM EAWR and PP, TT and SPEI3, which are defined as regions where the running correlation in a 21-year window does not change the sign. The green (blue) and yellow (red) regions coincide with the regions where the correlation between JFM EAWR and the PP field is statistically significant at 80% (90%) level. The stability map between JFM EAWR and JFM PP (Figure 8a ) shows small stable regions over the western part of Europe and Balkans. During early spring (Figure 8d ) these regions extend all over the southern part of Europe (negative correlations) and the north-western part of the Scandinavian Peninsula (positive correlations), while in late spring (Figure 8g ) there is no EAWR signal in the precipitation variability, except some small regions (e.g., northern part of Romania). 
For mid-winter the stability map between JFM EAWR and JFM TT (Figure 8b ) shows stable regions just over Bulgaria (negative stable correlation). By mid-spring the negative stable regions remain almost the same (Figure 8e ), but significant positive correlations appear over the Scandinavian Peninsula. EAWR influence persists by late-spring especially over the central part of Europe (positive stable correlations), while over the Balkans the influence of EAWR almost disappears (Figure 8h ).
In the case of SPEI3 the stability maps show persistent stable regions, from late winter to late spring (Figure 8c,f,i) over the central and the eastern part of Europe. The stable regions identified for PP, TT and SPEI3 can give a potential predictive skill based on the JFM EAWR index for the upcoming hydroclimate in late spring over Europe.
Conclusions
In summary, this study has investigated the relationship between the EAWR teleconnection pattern and the hydroclimatology of the European region from mid-winter to early spring. The research presented here contributes to a better understanding of how interannual phenomenon influences the climate over the European region. The influence of a prominent European teleconnections pattern over the whole European region, namely EAWR, which has a strong impact over the climate variability on the southeastern part of Europe and the Mediterranean region [27, 28] , has received little attention from the scientific community. The positive phase of EAWR leads to cold air advection from the north towards the southern part of Europe and eastern Mediterranean region [9] .
According to [8] EAWR is characterized by significant decadal variations and trends which were related to the variability of the Eastern Mediterranean rainfall. Although there is not enough evidence to show if the trend observed in the EAWR pattern is subject to the influence of climate change or if the future climate will be characterized by a positive EAWR regime, our results show that at least a part of the variability in the climate of Europe can be linked to this mode of variability.
Despite the fact that EAWR has previously been linked to precipitation anomalies over the Mediterranean region [9, 27] and with cyclonic activity, storminess and wind events over the same region [11] , no actual study exists which takes into account the influence of mid-winter EAWR on the early to late spring precipitation, temperature and drought variability over Europe. The purpose of this paper was to identify a link between mid-winter EAWR and spring precipitation and temperature for the whole European region.
It is shown that prior to mid-winter there is little EAWR signature in the 500 hPa geopotential height anomalies. The classical EAWR pattern starts to develop in mid-winter and persist until late spring. The positive phase of EAWR in mid-winter is typically associated with drier than normal conditions over the southern part of Europe and wetter than normal conditions over the Scandinavian Peninsula. This pattern persists until early spring, while during the late spring no significant relationship between mid-winter EAWR and PP exists.
The EAWR signal was found to be more pronounced in the temperature field in late spring. Positive EAWR phase in mid-winter is associated with warmer than normal conditions over most of the central and northern part of Europe and colder than normal conditions over the southern part of Europe. This link between mid-winter EAWR and TT persists until late spring.
Concluding, the main findings of this study are: (1) EAWR has a strong impact on the coupling between the sub-tropical Atlantic Jet and the African Jet, which in turn affects the climate variability over Europe; (2) the strongest impact of the mid-winter EAWR over the European precipitation is in mid-winter and early spring over the Scandinavian Peninsula and the central and eastern part of Europe; (3) the link between mid-winter EAWR and European temperature persists from mid-winter to late spring, giving the possibility of a potential predictive skill for the spring temperature and (4) the link between mid-winter EAWR and European PP, TT and SPEI3 has found to be stable in time. By identifying the effects of the EAWR on the European hydroclimatology could help us to improve our knowledge in order to better understand and predict the interannual variations in precipitation and temperature.
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